SEASONALCLIMATES AND FLOWERING TIME

By J. GENTILLI
Department of Geography, University of Western Australia, Nedlands 6907

ABSTRACT

Astudyof theflowering timesof plantspeciesin KingsParkandin
thehillsaround Kalamundahasmadeit possibleto correlatethese
times with the average seasonal variations of several climatic
elements: daylength, global radiation, ultraviolet radiation,
atmosphericozone, temperature,dew days, rainfall. Great caution
isneeded whencorrelating thesestronglyseasonaldata. Thefinding
of strongnegativecorrelation between ultraviolet radiation (UVR)
and flowering may be very significant. Slight differences in
flowering time were found according to the main colour of the
flowers, and (for introduced species) according to geographical

origin.

INTRODUCTION

Publication of the very interesting
and informative paper by Bennett
(1995) on the plants of Kings Park
coincided with the publication of the
beautiful field manual on the
wildflowers of the West Coast Hills
byJohn Marshall and members of the
Darling Range Branch of the Wild-
flower Society of Western Australia
(Marshall et al, 1995). Both works
contain lists of plants with their
months of flowering. A comparison
of the data listed may add further
interest. The timing of flowering in
relation totheseason’sclimateappears
worthy of some study.

The Bennett paper distinguishes
between species native to Kings Park
andspecies naturalised there,butdoes
not give the actual region of origin of
the latter. This leads to unexpected
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results just because of the strict accu-
racyof thecriteriafollowed. The most
extremeexampleisthatof theGerald-
ton Waxflower (Chamelaucium
uncinatum) which is listed as
naturalised in Kings Park because it
does not occur there naturally. On
the other hand its southernmost
natural occurrenceisinaverysimilar
environment at Bold Park,onlyafew
kilometres away. The yellow-
flowered Evening Primrose
(Oenothera drummondii) comes from
Texas, the Field Poppy (Papaver rhoeas)
and many other field plants from
Europe. The Arum Lily Zantedeschia
aethiopica,the Baboon Flower Babiana
stricta, Freesia sp., Watsonia spp.,
Pelargonium capitatum and several
other garden species and the
unwelcome Veldt Grass Ehrharta
calycina come from South Africa,
which has diverse climates. Many



escaped gardenspeciesand practically
allescapedfieldspecies usually grown
for food or fodder have been subject
to selective breeding and their
responsetotheclimaticenvironment
may have beenaffectedand probably
reduced.

The Marshall et al. book includes all
plant species flowering in the
Katamunda Shire. The number of
naturalised species is smaller than in
Kings Park. On the other hand the
species listed have been separated by
the prevalent colour of the flower. As
defined in the book, white includes
cream and other off-white shades,
yellow includes orange, red includes
pink and lilac, blue includes purple.
A category "other” include mixed
colours, brown, bronze, greeny-
brown (which could all be grouped
under brown), but also green and
grey-white. This broad classification
by colour allows the introduction of
aninterestingpointof view,asshown
by the significant differences which
are discussed further and are
illustrated in Fig. 8.

DEFINITION AND LAG OF BASIC
CLIMATIC FACTORS

Climatic records are kept by the
Bureau of Meteorology,and monthly
averages forthemost frequently used
climatic elements have been pub-
lished in metric units. Some other

mean monthly data from other

Bureau publications have been as-
sembled and converted to metric
units (Gentilli 1971). Solar radiation
data are taken from Spencer (1976).
Measurements of ultraviolet radi-
ation were discussed and shown by
Gies et al. (1994).

The length of record varies con-
siderably,from the longest period (for

the amount of rainfall, from 1876) to
theshortest periodsof onlyafew years
for low cloud and some wind data,
and one yearforultraviolet radiation.
As to the flowering time, some plant
species probablycombinealong-term
responseto theclimaticstimulus now
already part of their genetic make-
up, with a short-term response to
marked climatic aberrations, such as
an unusually long drought. To study
the latter phenomenon one would
need separate observations of
flowering times from each monthin
each vyear, and the corresponding
climatic data. The biological part of
this database is the essential part of
phenology and isstill not available at
present, with the exception of some
agricultural data, notwithstanding
itshaving been advocated nearly half
a century ago (Gentilli 1949).

A note of caution is needed. Solar
radiation data, and consequently
temperature data in all except sub-
equatorial latitudes, are subject to a
very distinct seasonal rhythm. With
the same exception, the flowering
cycleof plantsisalsosubjecttoastrong
seasonal thythm, Therefore, veryclose
statistical correlations between
monthly climatic data and monthly
flowering of plants need not neces-
sarily result from a cause-and-effect
relationship and may be due to a
simple similarity of rhythm or con-
comitance in more or less parallel
series of monthly data.

Thestudy of these correlationsis also
complicated by the fact that, since
flowering is a complex physiological
activity of the plant, a certain time
may have to elapse between the
climatic stimulus and the actual
flowering,. This time delay or lag may
be minimal for the proverbial
mushroomsand very longindeed for
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Figurel.Sometypical climatic elements for Perth,W.A. Thearrowsshow the highest
monthly value. Thedouble lineshowsthe monthly number of plant speciesflowering
in Kings Park: notice how, especially in itsrising section, it lags behind the graphs of

climatic elements.
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large trees. Fig. | shows monthly
averages of some of the climatic
elements most likely to have some
significant effect on flowering time.
The graph shows these averages on a
logarithmic scale in order to fit data
which, according to the units used,
range from hundreds for solar
radiation, ozone and rain (at the top)
to just over [ for low-cloud cover in
summer (at the bottom). A great
advantage of the logarithmic scale is
that equal rates of change (here,from
month tomonth)areshown by equal
slopes. On an ordinary (arithmetic)
scale a doubling, say, from 100 to 200
would look enormous, while a
doubling from 1 to 2 could hardly be
detected. Fig. 1 thus shows clearly the
different rates at which the various
climatic elements progress through-
out the year. It also shows, of course,
which elements peak in winter and
which ones do so in sumrmer, also,
which ones haveasteep and sharp or
a low and shallow peak.

An added complication, which shall
not be studied here and on which
there is a most extensive literature, is
the effect of cycles, from the obvious
cycles in species with a biennial life-
span to the moresubtle onesof many
perennial plants, besidesof coursethe
elusive cycles in climatic events.

Since, as shown in Fig. [, all data are
represented by curves based on
monthly numbers, any statistical
analysis can only show how closely
the various curves resemble one
another. The closeness of the
resemnblance between any of these
curves may be expressed by ror R, the
coefficient of correlation (or
regression, as it was originally called).
R ranges from O (no resemblance at
all) to I (identical). R?, the square of
the coefficient R, which drops much

more rapidly from 1 to 0, is much
more reliable. Adjusted R? is further
reduced version of R2toallow for the
smallness of the sample, in this case
only the 12 monthly data. SE is the
standard error which might be
expected when calculatingy(here, the
numberof species in flowerinagiven
month) from the value of x (any
climatic factor for the same month).
The often extraordinarily small
valuesof phereexpressthe probability
that the close similarity between the
curves examined may be due to
chance; it must not be taken as a
measure of any other relationship.

THE EFFECT OF RAINFALL ON
FLOWERING TIME

The native plants from Kings Park,
which constitute a geographically
more homogeneous population, will
be examined first. The double line in
Fig. 1 shows the number of native
speciesin flowerin each month,from
aminimum of about 20 in February-
March toa maximum of some 220 in
September-October. As the slope of
the lineshows, the rate of climb from
the summer minimum to the spring
maximum, taking 6 months, is much
slower than the 4-month drop from
thespringmaximum to thefollowing
summer minimum.

It is a general principle that, where a
necessary climatic element isin short
supply, plants are much more
sensitive to it. A thorough exam-
ination of the temperature relation-
ships of plants was already due to De
Candolle (1855). Schimper (1898)
quoted experiments which showed
that, other things being equal, drier
conditions tended to induce
flowering, while increased watering
tended to reduce it. In Western
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Australia temperature (except for
damage by extreme heat) is not a
limiting factor, but rainfall is. Fig. 1
showsthat the climaticelement with
the most similar (but much more
symmetrical) seasonal pattern to that
of floweringtimeisrainfall, However,
if the number of flowering species in
any month were plotted against the
rainfall for the same month one
would obtain the pattern shown by
the small circles, dashed line and
cursivelettersinFig2. Nostrong trend
canbeseenin thestraightdashedline
which runs nearly horizontally from
March (near left) to June {far right),
Proceeding anti-clockwise, from July
to October (highest point on the
graph) the rainfall decreases while

more and more species blossom. In
October-November the lag decreases,
and throughout the summer it
remains minimal.

The two graphs (rainfall and
flowering time) in Fig. 1 show that
flowering time lags behind rain by
about 2 months in summer, and falls
further behind until the lag grows to
over three months at the peak of the
winter rains. This lag persists at about
three months throughout the
autumn. In practice it will also vary
stightly according to climatic
fluctuations that may occur from
year to year, and of course to the
adaptation and tolerance of the
plants as species and as individuals.
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Figure 2. Correlation between mean monthly rainfalland number of native plantspecies
blossomingin KingsPark. Thesmallcirclesandcursivelettersalong thedashed lineshow total
rainfalland flowering plant speciesfor each month,inananticlock wisesequencebecausethe
correlationispositive. Thereisalmost nocorrelation fromJanuarytoJune(near-horizontal
line),andastrongscasonalcycleforthe remainderof the year.If alagof 2to 3monthsisallowed
forthecffectof therainon flowering, thecorrelation becomesalmost perfect{black squares
andstraightline;theletterbeforecach slashshowsthe month of rain, that aftertheslashthe
monthofflowering).Ontheaverage,and with thislag,each additional millimetreof rainfall
inthe month coincides with onemorespeciesin blossom.



If the monthly rainfall is‘lagged by 2
or 3 months as mentioned above, the
correlation becomes near-perfect(Fig.
2), with R =0.99, R?2=0.98, adjusted R?
= 97, and p = 0.000l. The equation
reads

Flowering native species = 7.43 + 1.04

rainfall |, (equation 1)

Thestraight regression lineexpressed
by this equation is rather steep: for
every millimetre of rain in 2 month
(lagged) there will be just over one
additional plant species in blossom 2
or 3 months later, according to the
season.

An interesting question arises: what
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Figure3.Correlation of (a) mean 900 temperatureand (b) mean maximum temperature with
thelagbetweenrainfalland numberof floweringspecies(asshownin Fig.2). The higherthe
temperature, theshorterthelag A fallinmean monthly terperatureof about 6C would defer
theeffectof rainfallonblossoming speciesbyaboutamonth.
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isthe causeof thelagbetween rainfall
and flowering?

THE TEMPERATURE FACTOR

In different climatic regions low
temperatures and/ or short daysand/
or inadequate solar radiation slow
down, or downright impede, plant
functions. In Western Australia
daylength and solar radiation are
more than adequate for good plant
growth, but midwinter has
temperatures which are marginally
too low. Native plants do not shed
their leaves, but their functions are
slowed down. The colder it is, the
longerittakesfortheplanttorespond
to the beneficial effects of the rain.

In Fig. 3 the lag between rainfall and
flowering obtained from Fig. 1 is
plotted against two monthly
measures of temperature: the mean
at900hoursin(a)and the mean daily
maximum in (b). The mean
temperature at 9.00 hours (Fig. 3a) is
most representative of overall
thermal conditions because it is not
too drastically affected by extreme
events such as heat waves or, rarely,
frost. The statistical relationship is
expressed by

Rain/flowering lag=4.96-013temp-
erature at 900 h  (equation 2)

with R =-0.93,R?=0.87,adjusted R2=
0.86, standard error 0.23, p = 0.0001.
The greatest discrepancy between
graphicallyestimated and statistically
calculated lags is found in March and
November, transition months in
which climate is very variable and,
because of the steep slopes of the
graphs in Fig. 1, estimates can only be
approximate.

Mean maximum temperatures (Fig.
3b) correlate almost as closely with

the extent of the lag for the
correspondingmonths,exceptforthe
sametransition monthsof Marchand
November. The equation is

Rainfall/flowering lag = 5.36 — 0.12
mean maximum temp. {equation 3)

with R =-091, R2= 082, adjusted R2 =
0.8l, standard error 0.27, p = 0.0001.

ULTRAVIOLET RADIATION

Among the climatic data shown in
Fig. 1, ultraviolet radiation (UVR)
stands out because of the shape of its
curve, which is almost the exact
opposite of that for rainfall. This
negative coincidence deserves some
attention.

Fig. 4 shows that, as was the case with
rainfall, in any given month UVR
shows no correlation with flowering
time. The small circles show the
clockwisemonthlysequence,andthe
thinnearly horizontaldashedlinethe
almost non-existent statistical
correlation.

If, however, a delay of 3 months is
allowed for UVR to have some effect
on flowering time, statistical
correlation becomes verycloseindeed,
asisshown by theblack dots and the
parabolic curve in Fig. 4. Correlation
would still be very close (R=-0.91, adj.
R? = 082, SE = 29.99, p = 0.0001) if a
straight line were fitted, but a
paraboliccurveshowsanear-identity:

flowering native spp. = 309.28 — 21.81
UVR + 043 UVR? (equation 4)
with R = -0.99,R?=0.97,adj. R2= 097,
SE = 1233, p = 0.0001. A very similar
result wasalsoobtained byestimating
the time lag from the curves in Fig. |,
as had been done for rainfall.

This negativerelationship may givea
statistical confirmation to the view

109



y = 309.279 - 21.806x + A3x2
250 7o
July
225 [N
. 2001 Jyune/s A
s 8
z () \
E 150 May/Aug QJ’/’
.: 123 s
- \
& 100 / - - o L q
2 7S : Qg " -
¥ e M/June F /Moy
30 O/W. S /
= J/ Ap
25 -
0 Nov/F D/March
0 5 10 15 20 75 30 3
UV rad MED/day a
= 7. 4. - 2
125 _ y=7.23% + 7806x - .032x
12 nre—ege M
115
n
% 105
> 10
g 95
9
8.3
8
15 v T L
10 12 14 16 8 20 22 24 26
maan 9.00 temperaturs b

Figure4.Correlation between ultraviolet radiation and numberof flowering native plant
speciesin KingsPark.(a) Asin Fig.2,smallcirclesand cursivelettersshow the position of each
monthonthegraph,clockwisc herebecauseof thenegativecorrelation. If astandard lagof 3
monthsisapplied,each month's UVR correlates with the number of specics blossoming3
monthslater,hence Nov/ Feb,Df March..June/ S, etc. with the black dotson thegraph. The
general trend could be roughly represented by a straight line, but as the graph shows, a
paraboliccurvegivesamostsatisfactory Imageof thisveryclosecorrclation. Astheequationat
thetopshows,amonthlyincreaseof UVR of aunit perday wouldcoincide withafallofover
21speciesin flower threemonthslater.(b)Corrclation between mean9.00 temperatureandlag
between UVR valuesand number of native plantsflowering. In thiscase tworefinements
have been introduced: lags have been estimated from the graphsin Fig. [, and have been
expressedin weeksinsteadof months.Coldincreasesthelag (ic.deferstheeffect), heatshortens
it. Noticethe very rapidchangesduringthetransitional scasonsof Springand Autumn.
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that UVR has an inhibiting effect on
flowering. The parabolicrelationship
in equation (4) and Fig. 4 may be seen
asanother example of acceleration of
processes past the equinoxes, and
deceleration around the solstices.

REGIONS OF ORIGIN

The regions of origin of naturalised
species may be found from various
sources, among which most recent
and informative for the Perth region
are the two volumes by Marchant et
al. (1984). In the past, unfortunately,
the naming of most geographical
sources, particularly for early-named
species, was far too general: South
America was often given as just one
area of origin,and yetitis a very large
continent with a great variety of
latitudinal as well as altitudinal
climates. Cape Town has a climate
very similar to that of Perth, but in
South Africa the rainfall regime
changes rapidly towards the east and
becomes very similar to that of
Queensland, with wet summers and
dry winters —and yet all non-South-
African publications are content
with "South Africa” as one region.

Like Fig. I, Fig. 5 is also drawn on a
semi-logarithmic scale, so that equal
rates of change are shown by equal
slopes. In the order of their greatest
monthlynumberof floweringspecies
in Kings Park, the regionssufficiently
represented are: Europe including
Britain (but excluding the
Mediterranean region, 46 species
flowering in October), South Africa
(32 in September), mainland Europe
(i.e. excluding Britain and the
Mediterranean, 31 in October), the
Mediterranean region (16 in October),
and South America (7in Octoberand
7 in November). Most of the species

1t

listed in early years as coming from
Britain are also found in continental
Europe, but very likely their seeds
were actually imported from Britain.
The peak of flowering varies little
with geographical origin, except for
South African plants which in Kings
Park blossom a little earlier than
plants from elsewhere. The curve
showing their time of flowering rises
more steeply than any of the others,
and the lag of their flowering time
persists around 3 months behind the
rainfall for most of the year. Allin all,
their response to rain seems much
more direct than occurs in the much
larger and varied population of
Western Australian native plants;
this may be in good part due to the
fact that some 20 ot these South
African species are equipped with
bulbs.

A comparison of climatic data shows
thatCape Townisslightlycoolerthan
Perth, particularlyin the warmer part
of the year,and much drier except in
summer.

[t may well be that many South
African plants are slightly held back
by the drier Perth summer, and then
respond vigorously to the (for them)
unusually plentiful supply of water
from March-April onwards, with a
minor peak of flowering in May. This
interpretation would conflict with
the experimental results quoted by
Schimper (1898).

Some plants of European origin show
aminor peak of flowering in March-
April. Perhaps their flowering at that
time is influenced by the shortening
daylength, as it might well have been
in their original home, rather than by
rainfall. 1t is only a small number of
species, but this peculiarity makes
theminteresting, the moresobecause
Western Australian native plants do



300

/

80

2 4 d

60 f* 7

x / Europa+Britain o
40

20

F e

-
P

Figure 5.Monthlynumberof speciesin blossomin Kings Park, by region of origin. Notice the
smallbutdistinct Autumn peak innumbersof flowering plantsof EuropeanorMediterrancan
originandthelessmarkedirregularitiesamongintroduced plants fromothercontinents. In
contrast,thegraph of native speciesin blossomissmooth (but compare with Fig.6, whete thete
isasmall Autumn peak).Couldthegreaterdifferencesbe duetoageneticallyset remnant of
theeffectsof Northern HemisphereSpring? South African plantshave4species blossomingin
Mayandonly 3inJune and theirflowering peak fallsearly,in Septemberrather than October,
butthismaybedueto variouscausesasmentionedinthetext.
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Figure 6. Numberof plantspeciescomingintoblossomin KingsPark each month, by regions
of origin,alsorainfall (doubledashedline,scaleat right)and UVR (VvvvV line,scalcat left) All
curvesaremoreslender than thoseof Fig. 5,and their peaksaresharper. Native plantsshowa
minor peakof floweringinMarch-April,and oversea plantsin October. Notice thelagbetween
rainfalland UVR ononehand, and numberof speciescomingintoblossomon theother.
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not show this habit at all (Fig. 5).

Plants of American origin are toofew
and their actual ancestral region too
uncertaintosupportanymeaningful
hypothesis.

THE MONTH OF FIRST
FLOWERING

Bennett’s and Marshall et al's studies
show that flowering time may last
fromonetotwelvemonthsaccording
to the species, with the majority
flowering during two or three
months. A distinction should be
made between thebeginningandthe
duration of flowering,thelatterbeing
influenced byadditional factorssuch
as genetics and size of the plant, roots
and soil and moisture conditions,
flowertexture,structure, pollination,
etc.

A comparison of Figs. 5and 6 shows
that in the latter the number of
species in blossom in any one month
is considerably reduced. Graphically,
the rises and falls with the seasons
appear much steeper. Not only does
the April-May minor peak of
flowering persist in some naturalised
species, but it also appears in April
among a few Western Australian
native species. Furthermore, an
October ‘shoulder’ appears in the
flowering times of naturalised plants.
Pending further research, not- too
much importance should be given'to
this behaviour of a few species;
observations should continue, if
possible, over a number of years.

Theminorlate-autumn peak andthe
embryo late-spring ‘shoulder hint at
someslightsetbackintheintervening
winter flowering. It is usually
assumed that thisisdueto lowwinter
temperatures, but in fact ‘the
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lowering of winter temperatures’is a
more meaningful expression. A
correlation of any measure of
temperature (mean maximum or
minimum, wet- or dry-bulb
temperature at 9.00 or 15.00 hours)
with the estimated 'loss’ of flowering
in the four coldest months gives
correlations above 0.90. Correlation
withtheamountof low cloud(which
is usually dense cloud) gives R = 0.92,
adj. R2= 0,76 with p=0.08, These very
significant values confirm the
desirability of further research into
the role of radiation.

FLOWER COLOURS IN THE
KALAMUNDA HILLS

Marshall et al's book does not
distinguish the species according to
origin (this could be done by
consulting Marchant et al, 1984), but
there are some interesting data on
flower colour. Fig.7shows that plants
with white-coloured flowers
dominate throughout the vyear,
followed very closely by those with
yellow and those with red flowers.
Between February and April about
three times as many red-flowered
plants are in blossom than yellow-
flowered ones. The slight
predominance of yellow over red
flowers lasts only during the peak
flowering time, from June to early
November.

The period with fewest blue-
flowering plants in blossom is longer,
from February to June. In June there
arestill only 4 species displaying blue
flowers, compared with 38 species
with white, 23 with yellow and 21
with red flowers, all nearing their
peak. This peak lasts from August to
October, while blue-flowered species
lag slightly behind, reaching their



brown,green,etc,
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Figure7.Plantspeciesin blossom in the Hills, by monthand flower colour. Notice how
red and blue flowering species appear to haveslightly different changes of monthly
frequencycompared with specieswith flowersof other colours; the September-October
decrease in the number of red-flowering species coming into blossom and the post-

Augustdeclinein brownorgreen flowersare particularly interesting, and should be
investigated. Adaptation to pollinators'behaviour?
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distinctly lower peak in September—
Qctober. Brown- or green-flowered
species show the opposite trend, with
an early flowering peak in August.

Red-flowering plants show a
peculiarly shaped peak period, with
the greatest numbers blossoming in
August (54 species ) and November
(55), but only 45 and 46 species in
September and October.
Thelastgroup, whichincludesbrown
or green flowers, rises faster than any
othergrouptoasharppeakinAugust,
then declines slowly over the
following months.

POSSIBLE COLOUR-
DIFFERENTIATING FACTORS

If one correlates ultraviolet radiation
with the number of floweringspecies
aftera 3-month lag onefinds remark-

ably close correlations, irrespective of
flower colour (Fig. 8).

The number of yellow-flowering
species varies (statistically) very
rapidly with changes in UVR: for
everyadditional UVR unit thereisan
average fall of 260 in the number of
these species in blossom. The slightly
more numerous white-flowering
speciesshowaverysimilartrend, with
a fall of 2.39 species for every UVR
unit.

The numbers of blossoming species
with flowers of other colours, while
still varying very closely with UVR
(all correlationsabove 0.90),dosoata
slower rate: 1.65 fewer species with
redflowersand126fewerspecies with
blueflowersforeveryadditional UVR
unit. Thesmallmixedgroupof plants
with brown,bronze,green,etc.flowers
comes last, with a decrease of 1.0l
species for any additional UVR unit.

y = 100.342 - 5.335x +.085x2
eo \ X
70«-,},/ AN
R BERLAN
o ~ —
£ ~ 285 Shig, |
§ sol e ol AN NS !
é 98 \?‘
S P
5 30 R=_
2
T 20 -
° = A= rs
10 .
0 : s
0 5 10 15 20 25 30 35
UV radiation, MED/day

Figure8.Correlation graph between ultraviolet radiationand numberof Hillsspeciesin
blossom, by colourandallowing fortime lag. All correlations exceed 0.90.Correlation for
white-flowering plantsisshownmonth by month by the small dots, of which onlythe
Oct/Jan one (October UVR, January flowering) is labelled. The sequence could be
represented byastraightline oreven better bya parabola{equationat thetop). Eachline
is distinguished by the flower colour, by a small negative number which shows the
numberfloweringspecies‘lost’ foranincrease of one unitof UVR,and by the coefficient

of correlationR.
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Keighery (£996) mentions that bird-
pollinated flowers are mostly red or
yellow, never blue(for pollination by
vertebratesseealsoBarrett1995), while
most insects are blind tored and thus
are not attracted to red flowers. It is
logical toexpect that UVR affectsthe
pollinators as well as the ptants, and
itseffect on flowering time may bean
indirect one.

CONCLUSION

Water, tight and warmth are all
climatic elements needed for plant
life;plantsrespond mostsignificantly
toincreases which fotlowascarcity of
any one of these elements, in Perth’s
climatetheincreased rainfallafterthe
summer drought.. However, flower-
ing is the result of complex processes
which require some time to develop,
andwhichareaffectedbytheamount
of heat available, commonly
measured by temperature. The
normal lag between rainfall and
flowering is about two months, but
colder weather retards the effect of
increased moisture by a further
month,.

Northern Hemisphere spring and
autumn seem to make some very
stight difference to the sequence of
flowering among Kings Park’s
naturalised species, with minor
increases whicharenot foundamong
native species. Among the Hills
species, plants with white or yetlow
flowers respond regularly, after the
same delays, to the stimulus of rain.
Plants with red or blue flowers show
someslightdifferencesin thestatistics
of their monthly sequences of
flowering,and thissuggests thatsome
other environmental factor may also
be involved.

Monthly values of ultraviolet
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radiation (UVR) correlate negatively
with the numbers of flowering
species,and if a lag of three monthsis
altowed,correlateascloselyasrainfall,
albeit negatively. If the lag is scaled
fromtwomonthsinsummer tothree
months in winter, the negative
statistical correlation between UVR
andfloweringspeciesbecomesalmost
perfect. Can this suggest that UVR is
an inhibiting factor, orisall thisonly
an extraordinary coincidence? Some
experimental work may decide.

Onlyphenological observations,over
a number of years, may provide a
sufficiently detailed and chrono-
logically sound database to allow a
reallty meaningful study of corre-
lations between climatic elements
and phases of plant life. It is not
enough to be told that, say, 53 species
of plants flowered in September, it
must be recorded which Septemberit
was, and what were its climatic
characteristics.

REFERENCES

BAILEY, LH. and E. 1947. Hortus
Second. MacMillan, New York.
BARRETT, G, 1995. Pollen loads of
vertebrates in heath vegetation
during autumn at Eneabba, West.
Aust. Nat. 20: 155-158.

BENNETT, EM,, 1995. Plant species of
the Kings Park bushland. West. Aust.
Nat,, 20: 97-118.

BUREAUOFMETEOROLOGY,1975.

Climatic averages — Australia. Bureau
of Meteorology, Melbourne.

CSIRO, 1953. Standardized plant
names. Bull. 272, CSIRO, Melbourne.

DE CANDOLLE, A, 1855, Géographie

botanique raisonnée. Masson, Paris.



GENTILLL J, 1949. Phenology: a new
field for Australian naturalists. West
Aust. Nat., 2(1):15-20.

GENTILLL J. {ed), 1971. Climates of
Australia and New Zealand. Elsevier,
Amsterdam.

GIES,HP.,ROY,CR, TOOMEY,S.and
TOMLINSON, D, 1994. The ARL solar
UVR measurement network: cali-
bration and results. SPIE Ultraviolet
Technology V, vol. 2282, pp. 274-284.
KEIGHERY, G., 1996. Pollinators.
Lecture report by L. Marsh in The Nat.
Neuws, Oct. 1996, p. 2.

MARCHANT , NG, WHEELER, JR,,
BENNETT, EM. LANDER, NS,
MACFARLANE T.D,, 1984. Flora of the

Perth Region (2 vols). W.A. Herbarium,
South Perth.

MARSHALL, ]J. AND MEMBERS OF
THE DARLING RANGE BRANCH,
WILDFLOWER SOCIETY OF
WESTERN AUSTRALIA, 1995. Wild-
flowers of the West Coast Hills Region.
Quality Publishing Australia, n.L

PEARCE, E.A. and SMITH, CG, 1984.
The World Weather Guide.
Hutchinson, London.

SCHIMPER, AF.W, 1898. Pflanzen-
Geographie auf  physiologischer
Grundlage. Fischer, Jena.

SPENCER, ]J.W., 1976. Perth Solar
Tables. Div. Build. Res., Tech. Pap. 10,
CSIRO, Melbourne.

118



